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We have evaluated the Bloch–Siegert shift for the different values of magnetic ﬁeld’s strengths deﬁned
at astrophysical conditions, i.e. when the stars with the strong surface magnetic ﬁelds are taken as a
powerful pumping source of radiation. It is found that the additional shift of resonant frequency should
be taken into account in the search for the time variation of the fundamental constants. The main
conclusion is that the inﬂuence of the electromagnetic ﬁeld should be considered carefully in each special
case of the corresponding frequency determination.
© 2013 The Author. Published by Elsevier B.V. Open access under CC BY license.1. Introduction
The search for a potential time variation of fundamental con-
stants has been the focus of theoretical and experimental investi-
gations since this idea was ﬁrst suggested by Dirac [1,2]. Various
limits or evidence reported from astrophysics, cosmology and lab-
oratory experiments, as well as evidence from the natural nuclear
ﬁssion reactor in Oklo (Africa) are still under discussion. Recently,
renewed interest to the problem has been triggered by the ﬁrst
positive results concerning the variation of the ﬁne-structure con-
stant α, obtained from quasar spectra [3]. The status of the prob-
lem was reviewed in [4] (see also [5]) and corresponds to the
previous decade.
One of the methods of the α variation detection consists in
the investigation of the quasars spectra and comparison of the
wavelength of the distinctive spectral lines with the correspond-
ing modern values [6]. Using data of the Very Large Telescope
the variation in α of the zeroth order was found for redshift
range 0.4  z  2.3, α/α = (−0.06 ± 0.06) × 10−5 or −2.5 ×
10−16  (α/αt)  +1.2 × 10−16 yr−1 [6] (where t can be
deﬁned via the redshift). Authors of [7] have revised the re-
sults on a ﬁne-structure constant variation, derived from Very
Large Telescope and Visual Echelle Spectrograph [8] quasar ab-
sorption spectra. Using the Keck telescope and a data set of 128
quasars at redshifts 0.5 < z < 3, Webb et al. [9] found that their
spectra were consistent with a slight increase in α at high red-
shift.
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Open access under CC BY license.Finally, in [10,11] quasar absorption spectra at 21 cm, which
corresponds to the M1 transition between hyperﬁne levels of the
ground state in hydrogen, and UV wavelengths were used to es-
timate the time variation of x ≡ α2gpμ, where gp is the pro-
ton g factor, and me/mp ≡ μ the electron/proton mass ratio. In
[10] the result x˙x = (−1.43 ± 1.27) × 10−15 yr−1 was reported,
with the dot signifying a derivative in time. In this respect it
is important to stress the laboratory results. It was claimed that
in the newly proposed experiment utilizing the radio-frequency
transition in atomic dysprosium [12] an accuracy of the order of
α˙
α ≈ 10−18 yr−1 can be achieved. The laboratory experiments have
placed stringent, model-free constraints on α variation (see [13]
and references therein): α˙/α = (−1.6± 2.3) × 10−17 yr−1.
On the basis of the estimate [7]
α
α
≡ αprev − αnow
αnow
= (−6.4± 3.6) × 10−6, (1)
we investigate the inﬂuence of the electromagnetic ﬁeld on the
determination of the absorption 21 cm line frequency. Namely,
the Bloch–Siegert (BS) shift [14] is evaluated. The atomic/molec-
ular system is considered as a two-level system constructed from
two hyperﬁne sublevels. We show that the Bloch–Siegert shift can
reach the expected value of the α variation, Eq. (1).
2. Bloch–Siegert shift
In the work [14] it was shown that the inﬂuence of the com-
ponents of the linearly polarized radio-frequency (rf) ﬁeld rotating
around a constant magnetic ﬁeld in the direction opposite to the
spin atom leads to a shift of the magnetic resonance of the spin
system to smaller values of the magnetic ﬁeld. This shift that is
known as the Bloch–Siegert effect was observed experimentally
in a number of works (see, for example, [15]). The more general
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the rotating rf ﬁeld with the arbitrary frequency different from
the resonant was considered theoretically in [16]. In paper [17]
the experimental observation of the BS shift was reported for the
optically oriented Cs133 cesium atoms. In experiment [17] the con-
stant magnetic ﬁeld with the amplitude value 0.077 Oersted (that
corresponds to 7.7 × 10−6 T in vacuum) was used and linear de-
pendence on the squared amplitude of the non-resonant rotating
magnetic ﬁeld was illustrated. The BS shift was observed in the ro-
tating magnetic ﬁelds beginning from the magnitude about 10−8 T.
It was established that the Bloch–Siegert effect at such conditions
exceeds the line width of resonance signiﬁcantly.
In astrophysics the hydrogen atom with the hyperﬁne splitting
can be considered as the system for the detection of the Bloch–
Siegert shift. It is well known that the Zeeman splitting for the
hyperﬁne structure of hydrogen is observed in quasars spectrum
of the 21 cm absorption lines. Therefore, the hydrogen atom can
be also considered as the spin oriented system in the interstellar
medium, and the incident ﬁeld could lead to the Bloch–Siegert ef-
fect for the resonant frequency of the hyperﬁne structure which
can be observed in absorption spectra. It has been shown that, as
the intensity of the linearly oscillating ﬁeld increases, there is a
Bloch–Siegert shift due to the pump ﬁeld (see, for example, [18]).
Taking the hydrogen atom as a two-level system with the two
hyperﬁne sublevels we assume that the pumping light from the
powerful source affects them. The derivation of the Bloch–Siegert
shift can be found in [19], see also, for example, [20,21]. For the
brevity we do not repeat this derivation.
Adopting Stenholms formalism [19], one can ﬁnd that the max-
imum of the Lorentzian line proﬁle for the one-photon transition
will be shifted and the transition frequency will be deﬁned by (in
atomic units)
ω = ω21 + (μB)
2
12
4ω21
. (2)
The frequency ω21 is usually kept constant and the static ﬁeld
is swept through the resonance. A similar result can be received
for the multi-photon transition [19]. The external ﬁeld B can be
considered in both cases: classical and quantum. The quantum-
electrodynamical consideration of the BS shift with the same result
was done in [22]. The matrix element (μB)12 can be estimated as
(μB)12 ∼ μB B , where μB = eh¯2me is the Bohr magneton, and e, me
are the electron charge and mass.
3. Magnetic ﬁeld deﬁnition
We deﬁne the magnitude of the magnetic ﬁeld B , assuming that
the absorption line for the hydrogen atom is observed in the di-
rection of the radiation source (quasar). The dipole magnetic ﬁeld
waves propagate outwards, taking with them some energy. For the
quasars this energy is taken from the rotational energy of the neu-
tron star. The magnetic ﬁeld’s strength on the star surface reaches
B∗ ≈ 3 × 108 T. For different estimates [23–26] the value of the
emission power is about 1031–1038 erg/s. Wave radiation is more
intensive for greater angles φ between the axis of rotation and
for the magnetic axis; with φ = 0, i.e. parallel to this axes, there
is no radiation. For the fast rotating Crab pulsar, PSR 0531 + 21,
which is the quasi-orthogonal rotator (φ = 87◦) with large mag-
netic ﬁeld (period P = 33 ms, B∗ = 7× 108 T), the emission power
was evaluated as 1035 erg/s [26] that also does agree with obser-
vations [27].
Energy carried away by the waves per time unit, or the power
of the magnetic dipole radiation, is given by [23,28]
WB = 2B
2∗
3
Ω4R6 sin2 φ. (3)3c μ0Here c is speed of light, Ω , R are the angular frequency and the
radius of the neutron star, μ0 is the vacuum permeability.
The intensity of the ﬁeld radiation on the distance r from the
source can be deﬁned via the expression
I = WB
4πr2
. (4)
On the other hand, we can write
I = cB
2
8πμ0
, (5)
where B = B(r) is the ﬁeld strength at the distance r.
The inverse-square law generally applies when energy is emit-
ted outward radially in three-dimensional space from a point
source. The angular size of the source PSR 0531+ 21 can be easily
calculated via ϕ = 2arctan2R/D ∼ 10−12 rad (R is the star radius,
R ≈ 12.5 km, and D is the nebula diameter, D ∼ 3.4 pc), i.e. the
radio-emission source PSR 0531+ 21 can be considered as a point
one within the Crab nebula (the angular size of the source less
than 2′′).
Expression Eq. (4) (inverse-square behavior) reﬂects, in princi-
ple, the dilution coeﬃcient [29,30]
w = I
I∗
= 1
2
(
1−
√
1−
(
R
r
)2)
, (6)
where I∗ is the ﬁeld intensity on the surface of the star.
For the r  R we can write
w ≈ 1
4
(
R
r
)2
(7)
and,therefore, from Eq. (5) it follows
B = 1
2
R
r
B∗. (8)
4. Some examples and discussion
Consider, as example, the Crab nebula. To evaluate the distance
between the source and the absorber we use r ≈ D/2 ∼ 1.7 pc,
which leads us to the I ≈ 2.89 × 10−7 W/m2 for the emission
power 1035 erg/s and, therefore, B ≈ 1.74 × 10−10 T, Eqs. (4)–(5).
This ﬁeld gives a small value of Bloch–Siegert shift of the order
of 7.39 × 10−19 for the hydrogen atom. For the case if WB ∼
1038 erg/s we obtain B ∼ 5.52 × 10−9 T and the Bloch–Siegert
shift of the order 7.4 × 10−16, Eq. (2). On the other hand, the ra-
dio sources associated with the old remnants of supernovae, have
a shell structure, i.e. they have radio-emitting region located on
the periphery. Nothing like this in the distribution of Crab Nebula
was observed. Radio sources in this case, ﬁll the entire volume of
the nebula, concentrating toward the edge. In fact at the distance
r ∼ (10−5–10−4)D we have the ﬁeld’s strength on an absorber of
the order of 10−4–10−3 T and μ2B B2/4(hν)2 ∼ 10−7–10−5 that is
the same order of magnitude as the expected variation of ﬁne-
structure constant α, Eq. (1).
In an environments ionized by radiation with a spectrum close
to the Planck, e.g. in planetary nebula, areas of HII, and for a num-
ber of elements (C, Si, S, Fe, etc.), in regions of the interstellar
medium of HI, the ionization equilibrium of the substance depends
on radiation dilution. Typical values of w in the speciﬁed regions
∼ 10−12–10−16. Thus for the magnetic ﬁeld strength on absorber
we obtain the magnitude B of the order ∼ 10−3–10−7 T, with the
estimate B∗ ∼ 109 T, Eq. (8). Then we can conclude that the Bloch–
Siegert shift lies in interval 10−5–10−13.
An important feature of the compact light source is its variabil-
ity, particularly strong in the case of emission of H2O. In a few
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In ﬁrst column the names of objects are given. Second column contains the values
of the radiation ﬂux in 10−21 W
cm2
, third one denotes the redshifts of the source.
Fourth column corresponds to the values of the magnetic ﬁeld strength obtained
via Eq. (8). The values of the magnetic ﬁeld strength on absorber Babs in 10−6 T are
listed for the distances 1014–1015 m, respectively. The last column represents the
values of the Bloch–Siegert shift (μB B)
2
4(hν)2
for the corresponding distances multiplied
by the 10−9 factor.
Name OHM
IRAS
fOH × 10−21,
W/cm2
z∗ Babs , μT BS shift ×10−9
01418+ 1651 −6.1 0.0274 25.7–2.57 11.7–0.117
13428+ 5608 −28 0.0378 76–7.6 102–1.02
15327+ 2340 −172 0.0181 90.4–9.04 144–1.44
weeks or even days the line proﬁles become quite different. Some-
times signiﬁcant variations occur in 5 minutes, which is possible
only if the dimensions of the sources does not exceed the distance
that light travels in that time (otherwise statistical ﬂuctuations will
be reimbursed). Thus, the size of the regions emitting H2O lines
may be about 1 astronomical unit (au). On the distance from the
source about 1 au we obtain B ∼ 0.00193541 T and, therefore,
the Bloch–Siegert shift of the order 9.1 × 10−5 for the hydrogen
atom.
Observations show that in the same area with dimensions
of a few tenths of a parsec could be many sources, some of
which only emits OH lines, and some – only lines H2O. The only
known in physics the emission mechanism that can give tremen-
dous power within a narrow range of the spectrum, is coher-
ent (i.e. the same phase and direction) light lasers, which are
called optical lasers, and radio-masers. Cosmic maser radio sources
emitting in the lines of the molecules have an extremely high
brightness temperature radiation Tb . In the molecules of methanol
masers (CH3OH) Tb value can reach 109 K, with masers hydroxyl
molecules (OH) 6×1012 K. The typical size of the maser clusters is
about 1014–1015 m and the neutron star radius is of the order of
10 km. Thus, the radiation dilution coeﬃcient is equaled approxi-
mately (2.5×10−23)–(2.5×10−21) and, therefore, μ2B B2/4(hν)2 ∼
(2.4 × 10−5)–(2.4 × 10−7) for the hydrogen line 21 cm and of
the order 10−5–10−7 for the OH 18 cm line or the same order
as Eq. (1).
On the other hand, we can employ the data of the direct as-
trophysical observations [31]. We use the values of the radiation
ﬂuxes fOH, which is related to depth of spectral line proﬁle, for
the ﬁeld’s strength deﬁnition. Deﬁning the redshift we can eval-
uate the distance to the source as czH0 (for the z  1 and Hubble
constant H0 ≈ 2.28 × 10−18 s−1) and, therefore, to estimate the
Bloch–Siegert shift for the HO molecule at the λ = 18 cm. In order
to approximate the distance between the source and absorber we
use the cluster size 1014–1015 m. The results of calculations are
presented in Table 1.
5. Conclusions
The one of the methods for the search of the ﬁne-structure
constant variation consists in the comparison of the resonant fre-
quency of the distant source with the present (laboratory) value.
The shift between these two frequencies should lead to the de-
viation of the present and prior values of α. A number of tiny
effects should be taken into account for this purpose. On our mind
the Bloch–Siegert shift can be one of them. The expression for the
Bloch–Siegert shift can be found, for example, in [17], where the
BS shift was observed experimentally in a system of optically ori-
ented cesium atoms. More approximate expression is represented
by Eq. (2), and can be easily found in literature. It has been shown
[21] that the BS shift arises when the atomic system is subjected
to a pumping magnetic ﬁeld.In astrophysics quasars, neutron stars or radio-masers (mega-
masers) can serve a source of the strong magnetic ﬁelds. The
magnitude of the magnetic ﬁeld’s strength on the star surface
reaches B ≈ 7 × 108 T and energy carried away by the waves at
a time, or the power of the magnetic dipole radiation of star, can
be found via Eq. (3). Then on different estimates of the magnetic
ﬁeld on surface of star the value of the emission power is about
1031–1038 erg/s. Therefore, such stars can be considered as pow-
erful pumping sources.
We have estimated the contribution of the Bloch–Siegert shift
to the resonant frequency for the various values of the magnetic
ﬁeld strength. This shift can be considered as the deviation of the
prior and precise present values of resonant frequencies due to the
different conditions in the frequency determination.
We have found that the BS shift can be signiﬁcant from point
of view of modern investigations in the search of fundamental
constant variation. The magnitude of the ﬁeld’s strength on the
absorber can be found via Eqs. (4), (5) or radiation dilution coeﬃ-
cient Eq. (7) and can reach the value 10−4 T, see examples above.
The corresponding BS shift is of the order (μB B)2/(4ω221) ∼ 10−5.
In that way the Bloch–Siegert shift of the resonant frequency can
be comparable or should give essential contribution to the uncer-
tainty, see Table 1, to the declared value of α variation, Eq. (1).
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